Introduction: Injury to the recurrent laryngeal nerve (RLN) remains a significant morbidity during thyroid and parathyroid surgery. The aim of this study is to elucidate normative RLN electromyographic (EMG) parameters.
INTRODUCTION
Injury to the recurrent laryngeal nerve (RLN) remains a significant morbidity during thyroid, parathyroid and head and neck surgery. The use of intraoperative neuro monitoring is a useful adjunct to reduce or prevent RLN injury but requires experience in the appropriate use and interpretation of its signals to ensure uniform results it is application during surgery. It is possible to differentiate between the RLN, vagus nerve and external branch of the superior laryngeal nerve from latency information found on the neuromonitor trace and thence permits the identification of anatomical variants of these nerves. Furthermore, alterations in neuro monitoring traces throughout surgery is appropriate within limits, and understanding this allows the operator to determine the tolerances of nerve dissection during surgery. The aim of this study is to elucidate normative RLN electromyographic (EMG) parameters during the use of the neuromonitor in head and neck surgery.
Anatomy of the Recurrent Laryngeal Nerve
The thyroid gland is composed of two lobes connected by an isthmus that lies on the trachea at the level of the second tracheal ring. The right recurrent laryngeal nerve (RLN) arises from the vagus nerve, loops around the right subclavian artery and enters the larynx behind the cricothyroid muscle. It innervates all the intrinsic laryngeal muscles except the cricothyroid. The left RLN originates from the left vagus nerve, loops around the arch of the aorta, and ascends in the trachea-esophageal groove. It innervates similar muscles as the right RLN. 1, 2 Damage to the RLNs causes difficulty in breathing and phonation. Injury to RLN during neck dissection remains a significant cause of morbidity during neck dissection. Injury rates are estimated to be 2-5%. 3, 4 Recurrent laryngeal nerve injury is also a leading cause of litigation for thyroid surgeons.
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ROLE OF INTRAOPERATIVE NEUROMONITORING
Intraoperative neuromonitoring (IONM) is widely used as an adjunct during thyroid surgery, aiming to help surgeons identify the RLN and dissect it. [7] [8] [9] [10] [11] [12] [13] Intraoperative neuromonitoring can also help to predict and prognosticate the degree of RLN nerve injury. [14] [15] [16] [17] Previous studies of normative EMG data have been done in American and European populations. [18] [19] [20] Hopefully, by defining the normative RLN monitoring parameters, we can predict the degree of nerve injury following which nerve monitoring signals may be altered or lost. [21] [22] [23] Our study aims to establish the normal RLN EMG data in an Asian population.
MATERIALS AND METHODS
This is a retrospective cohort study of 46 patients who underwent thyroid or parathyroid surgery at a tertiary referral center between 2014 and 2015. Patients with preexisting vocal cord palsy were excluded. Intraoperative neuromonitoring was applied accordingly to a strict study protocol applying a standardized setup using the inomed C2 NerveMonitorn ® (inomed Medizintechnik GmbH, Emmendingen, Germany) and a noninvasive endotracheal tube surface electrode monitoring the thyroid arytenoid muscle. This was adapted from the protocol recommended by Poveda et al. 24, 25 Vocal cord mobility was visualized and recorded at the time of tracheal intubation. Anesthesia was induced using only short acting nondepolarizing paralytic agents (succinylcholine at 2−2.5 mg/kg), which wore off within 10 minutes and thus did not affect subsequent neuromuscular function.
Events Studied
Qualitative parameters, such as hoarseness of voice were observed at the following time points: Immediately post operation, at postoperative day 1, and at 2 weeks follow-up. Intraoperative neuromonitoring quantitative parameters of the RLN assessed were stimulation current, latency and amplitude. Both the pre and post-dissection values were recorded. The definitions of nerve latency and amplitude are stated in Table 1 , with reference to Phelan et al's definitions. 18 The stimulation current was set at the range of 0.50 mA, after taking into account the manufacturers' recommendations and later modulated through direct stimulation of the nerve and nonnerve structures. In addition, Faden et al 26 has found that 0.50 mA of stimulation current optimizes sensitivity and specificity of nerve monitoring. Discrimination between stimulation artifacts and evoked responses was established by observing at the EMG wave configurations. Stimulation artifact had a sharp and early spike whereas neural EMG activity resulted in broader and later deformation of baseline with a typical biphasic course (Graph 1). 19 The protocol for nerve stimulation mandates the RLN to be stimulated at where it exits the thoracic cavity and at the tracheoesophageal groove where it crosses the inferior thyroid artery. Stimulation of the nerve was done 4cm prior to its entry point into the larynx behind the cricothyroid muscle. The results of RLN amplitudes and latency were compared between the right and left sides, before and after dissection, males and, females and in cases of benign vs malignant disease. The magnitude difference in the amplitude/latency is defined as post-dissection amplitude/latency minus pre-dissection amplitude/latency.
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) (version 19.0, SPSS Inc., Chicago, Illinois). Pre-and post-dissection stimulation current, amplitude, and latency were compared using Wilcoxon signed rank test. Mann-Whitney U test was done to test the null hypothesis against the various alternative hypotheses. Two-tailed p < 0.05 was considered statistically significant.
RESULTS
The mean age of the patients was 51 years old (20−77 years). Fourteen of the patients were male and 32 female. There were 25 cases of total thyroidectomy (55%), 13 Table 2) .
Intraoperative neuromonitoring Parameters before and after Dissection
The right median RLN amplitude remained identical before and after dissection whereas the left median RLN amplitude decreased by 150 μV. Both the right and left median RLN latency decreased after dissection (Table 3) .
Intraoperative neuromonitoring Parameters according to Gender
For the right RLN, females had higher pre-dissection median amplitude (Table 4 ). However, females had lower right RLN post-dissection median amplitudes. For the left RLN, females had lower pre-and post-dissection median amplitudes. None of the comparisons between male and female median amplitudes was statistically significant.
Females had a lower median RLN latency for both the right and left RLN. All the comparisons were not statistically significant except for the comparison between males and females for the left pre-dissection median latency. Females had a statistically significant (p = 0.04) lower pre-dissection median latency than males.
Intraoperative neuromonitoring Parameters according to the Nature of Disease: Benign/ Malignant
In general, benign lesions had lower median RLN amplitudes compared to malignant lesions. Between benign vs malignant lesions, the amplitudes were not significantly different between both the pre-and post-dissection median amplitude bilaterally (Table 5 ). This was irrespective of the size of the lesion, the presence of a concomitant neck dissection and stage of the thyroid cancer.
For the right RLN, benign lesions had a higher median latency compared to malignant lesions. For the left RLN, malignant lesions had higher median latency than benign lesions. Between benign vs malignant lesions, the latencies were not significantly different between both the pre-and post-dissection median latencies bilaterally.
The magnitude difference between pre-and postdissection amplitude is 0.05 mV for the right and left RLN. The difference between the magnitude differences for each side is not statistically significant. The magnitude difference between pre-and post-dissection latency is −0.1 ms for the right RLN and 0.02 ms for the left RLN. The difference between the magnitude differences for each side is not statistically significant.
None of the patients developed hoarseness of voice postoperatively.
DISCUSSION
This is the first study that examines the EMG characteristics of RLNs before and after dissection in an Asian population. We hypothesized that there could be a difference in the EMG data between the right and left RLNs, between benign and malignant thyroid disease and between male and female patients.
The results showed that there was no significant difference between pre-and post-dissection amplitude and latency in all categories of comparison: Male vs female, benign vs malignant disease, and side of surgery. This is consistent with published studies by Lorenz et al, 19 Phelan et al 18 , and Caragacianu et al 20 (Table 6 ).
There are, however, some differences between our study and the other three studies. First, our study found that there was a small significant difference in the leftsided pre-dissection latency between males and females. This is unlikely to be clinically significant. Second, Lorenz et al 19 found that females had a higher median RLN amplitude than males for both the RLNs. In our study, females had lower median amplitude on the left RLN but higher median amplitudes on the right RLN. Third, Lorenz et al 19 found a significant difference of median RLN amplitude between males and females (p < 0.05) but our study did not observe the same difference and this is consistent with the study by Phelan et al 18 ( Table 7 ).
The differences seen in this study compared with others are probably due to technical differences in the IONM systems; variation of amplitude measurement due to factors, such as contact pressure, obscuration of the nerve by blood or other fluids and amount of overlying tissue between the stimulator probe and the nerve.
In our study, we observed that the amplitude change before and after dissection remained the same on the right RLN and decreased on the left RLN. This is contrary to the finding by Phelan et al, 18 Caragacianu et al 20 who
reported an increase in RLN amplitude bilaterally preand post-dissection. This could be due to physiological differences between Asian and Caucasian populations and different techniques of nerve stimulation. We initially hypothesized that the nature of the lesion would affect the risk of injury and hence, the conduction characteristics of the RLN pre-and post-dissection. However, with regards to the nature of the lesion (benign/malignant) on quantitative IONM parameters, there is no statistical difference in RLN amplitude/ latency when comparing benign with malignant lesions. Lorenz et al 19 also concluded that benign/malignant thyroid disease did not affect IONM parameters. Lastly, we hypothesized that the pre-dissection amplitude and latency of the right recurrently laryngeal nerve would change more after dissection as the course of the right RLN is more oblique and is hence, more prone to injury during surgery. However, our data demonstrated no statistically significant difference in magnitude of change of pre-dissection RLN amplitude/latency when comparing the right and left RLN.
Our study is limited and it is a retrospective study with possible selection biases. In addition, the sample size was small with 46 patients, hence we do not have any EMG data on any damaged nerves. However, in this 
CONCLUSION
In this study of normative Asian EMG parameters for bilateral RLN stimulation, there was no significant difference between pre-and post-dissection RLN EMG parameters as well as between gender, nature of pathology and site of nerve. A prospective study needs to be carried out to investigate the effect of nerve injury on amplitude and latency.
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